Large-scale logging isolates mature and old-growth forests and increases the amount of edge habitat (Andrén 1997 , Angelstam 1997 , Esseen et al. 1997 . Consequently, the structure of boreal plant and animal assemblages, the heterogeneity of landscape structure and continuity of mature stands have changed (Niemelä 1997 , Esseen et al. 1997 . In Finland, for example, over 30% of the red-listed species are threatened by forestry (Rassi et al. 2000) . In order to prevent further losses of species, management should maximise landscape-scale habitat diversity and guarantee the availability of old-growth forests (Niemelä et al. 1993a, b) . Protecting as much remaining old-growth forests as possible is imperative for the protection of old-growth forest specialists, but also the restoration of mature managed stands is essential (Mönkkö nen 1999 , Niemelä 1999 , Heikkinen et al. 2000 .
In addition to protecting old-growth, forest harvesting practices must change, if forest biodiversity is to be maintained in Fennoscandia. Forest management should emulate natural processes, blend natural structures and include natural composition into the stands (Haila et al. 1994 , Fries et al. 1997 . Steps towards ecological sustainability have been taken in Finnish and Swedish forest management guidelines and forestry laws (Hallman et al. 1996 , Savolainen 1997 , Angelstam and Pettersson 1997 . For example, decaying wood is often left behind in the logged stands and the sizes of clear-cuts have decreased to 3 -4 ha. Moreover, ploughing, which is applied to help tree saplings to establish in the clear-cuts, is often replaced in Fennoscandia by lighter mechanical soil preparation, which removes the humus layer in narrow strips (width ca 50 cm), and is also a subject of this study.
Movement patterns of carabid beetles (Coleoptera, Carabidae) in ploughed stands have been studied in Poland (Sklodowski 1999 ), but differences among assemblages of differently treated sites were not analysed. Szyszko (1990) showed in Polish pine forests that there was a negative relationship between the severity of soil alteration and the recovery of forest-carabid assemblages. Furthermore, Desender et al. (1999) showed that, with large-scale logging and heavy alteration of the soil, recovery of the forest-carabid fauna may take hundreds of years. Thus, we hypothesized that changes in carabid-beetle assemblages should be less pronounced in clear-cuts without soil preparation, compared to those of clear-cuts with soil preparation. In this paper, we focus on how relatively slight alteration of the soil surface in small clear-cuts affects carabid beetles.
Material and methods
The study areas and sampling design
The study was conducted in central Finland, in the southern boreal zone (Ahti et al. 1968) , in three separate areas located in the municipalities of Kuorevesi, Längelmäki and Orivesi, within an ca 50 ×50 km area (Fig. 1) . The study forests consisted of spruce (Picea abies (L.) Karsten) dominated Myrtillus-type stands (Cajander 1949) . The age of the dominant trees was 80-120 yr, the stands were previously managed but no thinning or other management activities had been applied for at least 10 yr before the experiment. Before logging, the understory vegetation was dominated by Vaccinium 6itis-idaea and V. myrtillus dwarf shrubs, and Dicranum, Pleurozium and Hylocomium mosses. The surroundings of the study stands varied from recently logged stands to mature (90 -150 yr) spruce forests.
There were three stands, within a 3-km radius, in each study area (Fig. 1 ) giving a total of nine stands. Each stand consisted of a one-hectare treatment square and its immediate surroundings. The distance between adjacent stands within a study area varied between 50 and 1500 m, the stands being separated by a road or a different stand type (dissimilar in forest type, age and species distribution of dominant trees). The stands within each area were thus independent of each other for carabids (Digweed et al. 1995) , and were randomly assigned to a treatment in spring 1995, prior to the commencement of the experiment.
Of the three stands in each study area, two stands were subjected to gap felling by cutting three 40 ×40 m or 32 × 50 m clear-cut openings in each (ca 40 -50% of the trees were removed; hereafter referred to as gapfelled stands). The minimum distance between openings was 15 m (Fig. 1) . One of the three stands in each area was left as an uncut control, and the openings of one of the two logged stands in each area were subjected to mechanical soil preparation.
The study design follows the Before/After with Control/Impact design (BACI, Underwood 1991). Data were collected both before and after logging, and in the control (not logged) and impacted (two treatments) stands. The study began in 1995 (pre-treatment study year), and the stands were logged the following winter (1995) (1996) by the land-owning forestry companies. Mechanical soil preparation was applied in the summer of 1996, and the post-treatment sampling was carried out during three years (1996 -1998) .
The beetles were collected using pitfall traps. To ensure that the locations of the traps would be exactly the same before and after logging, we used 20-cm-long steel nails with a coloured plastic band to mark the trapping sites. In each stand, the traps were placed in six groups, each group with four pitfalls arranged in a 4× 4 m square (24 traps/stand×3 stands ×3 areas= 216 traps). Within a stand, trap groups were placed at least 25 m from each other, and at least 30 m from the nearest forest edge. Thus, trap groups were independent from each other (Digweed et al. 1995) . In the stands subjected to logging, three trap groups were placed in Fig. 1 . The locations of the study sites and the study design. Within each of the three study areas, there were three stands representing the different treaments. There were six groups of four pitfall traps in each stand. Within each stand with openings, there were three small clear-cuts, and three trap groups were in the centers of the openings, and three were in the unlogged sites.
the clear-cut areas, and three in the unharvested areas (Fig. 1) .
The traps (depth 68 mm and mouth diameter 66 mm) were partly filled with 30% propylene glycol and detergent, and were covered with 10 ×10 cm plexi roofs to protect them from litter and rain. The trapping covered the whole growing season (from mid-May to early September) each year, and the traps were emptied once a month. The carabids were identified by MK. The nomenclature follows Lindroth (1985 Lindroth ( , 1986 . Having been shown previously to correlate negatively with the abundance of carabids (e.g. Koivula et al. 1999) , catches of red wood ants were used to analyse their effects on beetle catches.
The percent coverage of the ground by visible mineral soil, drifted humus and logging residue, was estimated annually in plots of a 2-m radius centred within the boundaries of each trap group (Fig. 1) .
Data analyses
The beetle data were standardised to individuals caught per 100 trapping days, and then log (X + 1) transformed, to improve the normalities of the distributions. The data were analysed with repeated measures analysis of variance (ANOVA). In order to standardise the samples (according to their pre-treatment catches), we calculated relative after-treatment catches for the years 1996-1998 (for 1996 =catch 1996 /catch 1995 , for 1997 = catch 1997 /catch 1995 , and for 1998 =catch 1998 /catch 1995 ). In each control stand, three out of six within-stand, randomly chosen sites represented imaginarily ''logged'' sites, and three of the sites represented ''unlogged'' sites. In the ANOVA model, the three areas were treated as blocks. Each area had six treatment factors (see Fig. 1 ), each of them with three replicates ( = groups of four traps): 1) ''unlogged'' control, 2) ''logged'' control, 3) unlogged and 4) logged sites within gap-felled stands with unprepared openings, and 5) unlogged and 6) logged sites within gap-felled stands where soil preparation was applied in the openings. If the ANOVAs indicated a difference among the catches, a Tukey's post-hoc test was performed to identify the difference(s).
The possible effects of logging and soil preparation on carabid assemblages were also studied by calculating Morisita's percentage similarity indices (e.g. Krebs 1999) for the yearly total catches of control stands, and gap-felled stands with and without preparation, i.e. for the data presented in Table 1 . We also applied ordination methods (e.g. Jongman et al. 1995 ) in order to study the possible effects of the amounts of logging residue, drifted humus and exposed mineral soil, and wood-ant abundance. In the multivariate analyses, the groups of four traps were used as samples (six samples per stand). The above analyses were done using SYS-TAT 8.0 (Anon. 1998a) , NTSYSpc (Anon. 1998b ) and CANOCO 4.0 (ter Braak and S& milauer 1998) 
Results
A total of 9722 carabid individuals, representing 27 species, was caught during 1995-1998 (Table 1) . Carabids were first divided into three ecological groups according to their abundance patterns in mature and logged stands. The classification was done according to Lindroth (1985 Lindroth ( , 1986 , Niemelä et al. (1993a) , Kinnunen (1999) and Koivula (2002b) In 1995 (before logging), no open-habitat carabids were caught, but small numbers of these species were caught after logging: two individuals in 1996 (the first summer after logging), 28 (7 species) in 1997, and 25 (5 species) in 1998 (Table 1 ). In 1997, three individuals of open-habitat species were caught in the Kuorevesi control stand. This stand, however, is a small ( B 2 ha) mature-forest ''island'' on a hill, being surrounded by clear-cuts and young sapling stands. Therefore, it is more open than the other control stands. The first pioneers of open-habitat species thus arrived in the stands with openings within months after logging, but a pronounced increase took place one year after logging. Interestingly, the cluster dendrogram, based on Morisita's similarity indices (Fig. 2) , suggests that the catches in stands with unprepared openings had changed most after logging. However, the overall similarities were relatively high. Among the catches from the stands with prepared openings and control stands, the similarity was over 85%, and also the catches from the stands with unprepared openings had a 70% similarity compared with the other treatments.
The yearly carabid catches peaked, in general, in 1997 (Table 2, Fig. 3) . Moreover, the pooled forest-species catches were slightly higher in the unprepared openings than in the prepared ones (Gap f., logged vs Gap f.+ prep., logged in Fig. 3 ), but the catches from different treatments did not differ statistically significantly from each other ( Table 1 , i.e. the yearly total catches for the control stands (CONTR95 -CONTR98), stands with openings but without soil preparation (UNPREP95-UNPREP98), and stands with openings with preparation (PREP95 -PREP98).
plained 21% of the variation in the carabid dataset (Figs. 4 and 5) . The total inertia was 2.372, and the two first axes together explained 7.5% of the variation in the species data and 81% of the species -environment relationship. The most important variable, the number of red wood ants, explained alone 11% (199 Monte-Carlo permutations; F =10.92, p = 0.005), the amount of aggregated humus explained 4% more (F =3.63, p = 0.005), and the percentage covers of exposed mineral soil and logging residue explained 3% each (F = 3.10, p= 0.005 and F =2.88, p = 0.020, respectively). The variance inflation factor values for the environmental variables were relatively small (between 1.11 and 2.37), indicating that these variables did not correlate strongly with each other.
In the sampling site specific CCA scatter plot of the carabid data, the site scores of 1995 and 1996 aggregated more or less around the origin (Fig. 4) . The yearly variation was seemingly in the up-right direction, since the scores of the control sites in 1997 and 1998 were in that direction. Although the result is not very clear, there was a weak indication of a treatment effect, since the scores of the sites in the openings (both prepared and unprepared) were to the left of the control-site scores. The species and environmental-variable scores of the CCA explain these patterns well (Fig. 5) .
The most numerous open-habitat species (Agonum sexpunctatum and Amara lunicollis) were located in the upper part of the plot. Moreover, the optima of logging residue and exposed mineral soil appeared above the cropterus alone, catches in the control stands were marginally higher than those in the openings with soil preparation (post-hoc test: p = 0.078). The catches of another forest species, Carabus glabratus, the pooled catches of habitat generalists and the catches of a generalist, Pterostichus oblongopunctatus, also indicated no treatment effects (Table 2) .
In the CCA, the four environmental variables (coverage of mineral soil, drifted humus, coverage of logging residue, and catches of red wood ants) together ex- Table 2 . The ANOVA results for (from top to bottom) the pooled catches of forest and generalist species, and for three species (Calathus micropterus, Carabus glabratus and Pterostichus oblongopunctatus). a =variation among the years 1996-1998, AREA=the three study areas, TREAT = six treatments: ''logged'' and ''unlogged'' control sites, unlogged and logged sites of the gap-felled stands but without soil preparation, and unlogged and logged+prepared sites of the gap-felled stands with soil preparation. The post-hoc test results indicate following. In the a rows, yearly differences are shown. In the AREA rows, e.g. (2\ 3) = 1 indicates that the catches in Orivesi (area 2) were higher than in Kuorevesi (area 3), but the catches of Längelmäki (area 1) did not differ significantly from those of the other two areas. In one TREAT (AREA) row, [Contr \O+P] indicates that the catches in the control stands were slightly higher (pB0.08) than those in the openings with preparation (O+P), while the other treatments did not differ significantly from each other or these two. Fig. 3 . The catches of the three species-ecological groups and three most abundant carabid species in 1995 -1998. Control = the catches of the control stands. Gap f., unlogged =the catches of the unlogged sites within gap-felled stands. Gap f., logged = the catches of the logged openings within gap-felled stands. Gap f. + prep., unlogged = the catches of the unlogged sites within gap-felled stands with prepared openings. Gap f. +prep., logged = the catches of the logged and prepared openings within gap-felled stands.
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origin in the ordination plot. Forest specialists, on the contrary, were located in the lower left-hand side of the plot (Agonum mannerheimii, Carabus hortensis and Cychrus caraboides). Along the horizontal axis, on the other hand, there was probably a moisture or ''luxuriousness'' gradient, since moisture-loving species (Agonum fuliginosum and Agonum mannerheimii ) were on the left, while e.g. Notiophilus biguttatus, a species of well-lit, dry forest sites (Lindroth 1985) , was on the right side of the species scatter. Additionally, this was the direction of the red wood ants, which are most numerous in relatively dry forest conditions (Punttila 1996) .
Discussion
The most important results of this study can be summarised as follows. 1) The first individuals of openhabitat species colonised the small openings within months, but the increase was more pronounced one year after logging. 2) Catches of generalist species in the different treatments did not differ significantly from each other. 3) A forest species, Calathus micropterus, was slightly scarcer in the openings subjected to soil preparation than in the unlogged control sites. 4) The CCA and similarity-index results indicated that logging affected the species assemblages, but that soil prepara- 
The effects of soil preparation on carabids
Catches of Calathus micropterus were lower in the openings than in the unlogged study sites, which corroborates the results of Abildsnes and Tømmerås (2000) and Koivula (2002a, b) . Also, catches were lowest in prepared openings, indicating that soil scarification had a negative effect on the population sizes of this species, and possibly also of other flightless forest-floor dwellers, e.g. spiders. However, our results regarding the similarities among the treatments indicated that actually the most pronounced changes happened in the unprepared openings. This contrasts with the views of Szyszko (1990) and Desender et al. (1999) , who showed that there is a positive correlation between strength of habitat alteration and faunal change. The size of a clear-cut probably has an effect on the results, since Koivula (2002a) showed that, during the first years after clear-cutting, the carabid assemblages had changed much more in 2-ha clearcuts than in gap-felled stands, where only half of the area was patchily clear-cut. Also, the time period in our study was short compared with the other studies: the increased microsite spectrum in the prepared openings may ameliorate the immediate effects of logging. It is possible that scarification increases the number of microsites with exposed mineral soil and, thus, creates suitable habitats for some species, as carabids respond to small-scale environmental variation (Niemelä et al. 1992) . Mossakowski et al. (1990) observed that top-soil alteration, caused by military tanks, changed the abundance pattern of heath carabid assemblages, and hypothesized that it may be a result of increased habitat complexity. Likewise, we observed that open-habitat carabids were more abundant in the catches from openings than from unlogged trapping sites, while the other two species groups showed no clear declines or increases in their catches. Also M. Pihlaja (unpubl.) observed differences between carabid catches in sites with exposed soil as compared to unaltered forest floor in the clear-cuts.
Conclusions
According to our results, soil preparation has no strong effects on forest-floor carabids, but populations of some species may either suffer (e.g. Calathus micropterus) or benefit from the microhabitat alteration caused by soil preparation. Species that benefit might be those that are associated with open sites with plenty of exposed mineral soil. Soil preparation also creates microsites with drifted humus. These sites, together with logging residue left behind in the clear-cuts, may increase microhabitat richness of tion per se had no clear effects. However, the amounts of logging residue, exposed mineral soil, drifted humus and the abundance of red wood ants all explained variation in the carabid assemblages to a significant degree.
Carabids in the managed forest landscape
The result that carabid assemblages are affected by logging supports earlier studies (e.g. Lenski 1982 , Niemelä et al. 1993a , b, Spence et al. 1996 , Abildsnes and Tømmerås 2000 , Koivula 2001 , 2002a . However, these studies were carried out by trapping beetles in relatively large clear-cuts, while in the present study the clear-cuts were very small, being surrounded by mature forest. We can, therefore, conclude that open-habitat carabids are very efficient in colonizing recent, very small clear-cuts, since the first individuals arrived within months after logging. Their colonisation is enhanced by the presence of forest roads, which appear to be used as dispersal routes by these species (Koivula 2003) . Also forest-habitat generalists were more abundant in the openings than in the unlogged trapping sites. We suggest that these species (e.g. Pterostichus niger, P. oblongopunctatus) do not necessarily have to arrive from nearby suitable habitats (although some individuals may, of course, do so) but, rather, increase locally in abundance, simultaneously with increasing openness -an analogy for the seed banks of several plant species.
openings, thus affecting carabid assemblages. However, Jalonen and Vanha-Majamaa (2001) showedin the same study sites as the present study -that soil preparation causes drastic changes in the understory vegetation. Thus, changes may appear in taxa that directly use soil as a nutrient storage, shelter and habitat, such as plant and soil fungal communities.
Compared to relatively small alterations caused by soil scarification that was studied in this paper, even smaller faunal changes would be expected if the humus layer is removed only patchily, mimicking uprooting of windthrown trees to help saplings to establish easier. This method is today commonly used in Finnish forest management. Soil preparation methods lighter than ploughing seem nevertheless to help assemblages of ground dwellers to maintain their populations at the logged stands.
